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As GROWING PLANTS do not absorb phosphate read-
ily when soil moisture is depleted, the quality of
food varies seasonally. Lowering of phosphate avail-
ability from the soil is associated with a decrease
of protein and phospholipids as well as phosphate
in plant and animal products derived from the soil.
This seasonal phenomenon has attracted attention
among agricultural workers because of its impor-
tance in animal health.3 4, 12, 23
A seasonal variation which is significant in ani-

mal health should be worthy of study in regard to
its possible effects on human health, even though
multiple sources of food would make the effect of
this seasonal change less precise, in humans. Par-
ticularly, the suggestion is advanced that this sea-
sonal fall of phosphate, phospholipids and protein
in food should be studied as to whether it may be a
factor in epidemics of poliomyelitis by lowering
resistance to the disease. Despite all the research
done on the question, the seasonal incidence of
poliomyelitis has not been explained.2 14 Since the
seasonal lowering of food quality corresponds in
general with the late summer and fall prevalence of
poliomyelitis, it is important to consider the possi-
bility that there is some connection.
The present inquiry on the magnitude of seasonal

change in food quality was prompted by observa-
tion of a localized epidemic of poliomyelitis in Hum-
boldt County, California, in 1951 at the time of pro-
longed and severe drought. The possible significance
of a rainfall deficiency in poliomyelitis epidemics is
substantiated by descriptions of the excessively dry
weather conditions which appear in the early re-
ports of epidemics in Vermont and Massachu-
setts.8' 18

Hart, Guilbert and Goss12 reported upon the de-
crease in phosphate and protein content of forage
in California during the dry season (Chart 1).*

In general the climate of the north temperate zone
is such as to bring about seasonal rise and fall in
the protein and phosphate content of forage. Altera-
tions in the seasonal trend occur from year to year
as the climate varies. In Texas, the effect of rainfall
is usually reflected in increased content of phosphate
in forage in the month immediately following the
heaviest precipitation.3
The phosphate content of the blood of drought-
Reproduced by permission from the University of California

Division of Agricultural Sciences.

* Seasonal variations occur in the phosphate,
phospholipid and profein content of foods. The
lower content occurs in the dry season. This is
most often in the summer and fall months,
which is fhe usual time of year for epidemics of
poliomyelitis. Question is raised as fo whether
epidemics of poliomyelitis are a consequence
of the host-virus balance being shifted in favor
of the virus during this season because of the
lower nourishing power of foods common to the
daily diet.

grazed animals gradually decreases. Depleted blood
is associated with poor quality meat. Investigators
at the Kansas Agricultural Experimental Station ob-

SEASONAL CHANGES IN RANGE FORAGE
M.',CW .1.e-Mr v--W 55

30

J0a'

10

5

0

RerCent 060

0.40

0.30

0 tO

("O

J. F lr Apr May1 JJie Tuly Au e At

PHO5PHORUS
Legend

Bur- ci~.qQ7rSs
I oj,~~~~~~~ad AIflaoi. #-any*

/ .-.-~~~~~~~ Alfiarta an.d
I yr~~~~~~#ass ranle

; C 35XFU^S,,,7L7

.Tan Fe& Mar Apr May J-Tn*
Chart 1.

VOL. 81, NO. 6 * DECEMBER 1954

-Tul Aug Sept Oct N

409



served that low-phosphate beef had three distinctive
characteristics.11 Because of changes in the phospho-
lipids, it lacked flavor and had a tendency to spoil
easily during storage. It also contained an abnormally
large quantity of water. In sheep18 tissue formation
is delayed by a low-phosphate diet. Ingested protein
is absorbed but, in the absence of phosphate, the

amino acids are broken down and excreted by the
kidney instead of being formed into body tissue.
Thus, beef and mutton slaughtered in the dry sum-

mer and fall cannot be expected to nourish people
to the extent that they do in the spring, when the
forage provides more phosphate and protein.

Dairy products are even more important than
meat as a principal food staple in the American diet.
When milk is inspected, phosphate and protein are

measured together in a composite known as solids-
not-fat. It has been found that solids-not-fat are

lower in the summer and fall.10 More significantly,
they have been generally declining over the past
50 years. In England, solids have declined from 9
per cent to less than 8 per cent of whole milk. In
California, the permissible minimum for milk sol-
ids was lowered by law in 1947 from 8.5 per cent
to 8.15 per cent.7
Good farm practices can reverse this serious drop

in milk solids. Decayed vegetation worked into the
soil absorbs and holds water. This helps the roots
gather phosphate. Two farms, one in Pennsylvania22
and one in England24 raised the phosphate and pro-

tein content of milk 20 per cent by proper attention
to the soil on which the forage for the cattle was

grown.

Butterfat quality is also influenced by changes in
the seasons. Price20 noted that a fraction of butterfat
important in bone healing and control of dental
caries is present in butter produced when cows are

eating fresh green pasture from land of high mineral
content, but is absent from butter produced during
dry seasons of the year.

Shifting attention from foods of animal origin to
those of vegetable origin, the following table shows
the range of phosphate content of various plant
products.5

VARIATION IN PHOSPHATE ASH OF CROP
In Per Cent

Winter wheat, grain 39.2 to 53.7

Maize, grain ........ ........................... 37.6 to 53.7
Peas ..... ....................... 26.2 to 44.4
Garden beans.--------------------------- 27.1 to 46.6
Potatoes, tubers ............. ............... 8.4 to 27.1
Grapes, entire fruit.--------------------------------9.0 to 27.2

Asparagus, young stalks.............................. 13.8 to 21.9

In addition to the seasonal decrease in the phos-
phate content of food, the phosphate in water drops
to practically nothing in the summer and fall.'3' 21
On the other hand, in the spring months water may

contain enough phosphate to contribute significantly
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to the supply of that mineral to crops under irriga-
tion.15

Algae and crustacea are dependent on the amount
of phosphate in water.9 26 Since they are part of the
food cycle of fish, fresh-water fish are subjected to
conditions encouraging a phosphate and consequent
phospholipid and protein deficiency during the fall
season.

Calcium content is well maintained during the dry
conditions that bring about phosphate deficiency in
food,3' 12 which further aggravates phosphate defi-
ciency by interfering with absorption of the dimin-
ished amount of phosphate present.19

Animals are vulnerable to the seasonal changes
in phosphate supply, for phosphate is not main-
tained in available body reservoirs although it is a
major constituent of bone.17

DISCUSSION

Two other investigators have suggested that the
phosphate availability from soil be given consid-
eration as a factor influencing resistance and con-
tributing to the epidemiology of poliomyelitis.

Albrecht1 pointed out that the epidemic of polio-
myelitis in 1946 was predominantly in the north
central states, an area where the more calcareous
soils give rise to lowered phosphate availability from
the soil. Brumby6 noticed that before bone meal was
used to lessen phosphate deficiencies in cattle, cases
of poliomyelitis were being reported at the same
time local cattlemen were complaining about symp-
toms of phosphate deficiencies in cattle. Brumby
further observed that the counties reporting the
most cases of poliomyelitis were those in which
phosphate deficiency in the soil was a glaring agri-
cultural problem, and that the incidence of polio-
myelitis steadily rose over the years in those counties
where the topsoil and consequent water-holding
capacity of the soil was being decreased by over-
cropping and erosion.

Neither of these scientists ventured a suggestion
as to how lowering of phosphate availability from
the soil would specifically influence susceptibility to
poliomyelitis. In looking into the possibility that a
seasonal lowering of food quality diminishes resist-
ance to poliomyelitis, one must bear in mind that
this factor may be companionate with principles of
virus distribution and immunity found to be of sig-
nificance in poliomyelitis and infectious disease in
general. Certain facts that are now mysterious in
the epidemiology of poliomyelitis may be of value
in contributing material for definitive study. Impor-
tant in this respect is the occurrence of epidemics
in areas of more advanced civilization while back-
ward countries continue to enjoy benign endemic-
ity. It would be pertinent to determine whether the
contrast in food quality related to the seasons is
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more crucial to people subjected to the changes of
modern civilization than it is to those people of
primitive countries where the nutritive balance has
not been upset by the use of refined foods of many
kinds and where the demand for nutritive factors is
somewhat lower because of the lowered metabolism
and decreased cellular mass resulting from a state
of relative starvation.25

R.F.D. 2, Box 300 B, Arcata.
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